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Fully controlled full wave Rectifier: - 
 
 

 
2Vm 

Vd.c = 
g 

cos ∝ 

If α >= 90° 
∴ Vd.c = 

2Vm 
cos 120= 

–Vm
 

g g 
 
 
 
 
 
 

EX:- if L =50 mH , R= 10 Ω , α=30° , V= 325 sin 100π t Calculate :- 
1- Vd.c 

2- the angle of the load (Ф) 

3- time to commutate the SCR 

4- Discuss the waveform of (I load ) 
 

Solution :- 
Vd.c = Vo = ∫α^(π+α) Vmsin(wt)d(wt) = (2 Vm)/π cosα 

Vd.c = (2*325 )/π cos30° = 179.2 v 

tanФ =WL/R 

Ф = tan- 1 (100π*50*10-3)/10 = 57.5° 

Wtq = β = π – α 

tq = (π- α)/w = (π- (π/6))/100π = 8.3 msec 
 

(Ф)للحما یةأن زاوبما  ا   رامستمون یكل لحمراتیان فا (α)رلتأخیا یةر ون زاوكب
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Converter Control of DC Machines 

The speed of a dc motor can be controlled by controlling the dc voltage across its armature terminals. A 

phase controlled thyristor converter can provide this dc voltage source. For a low- power drive, a single-

phase bridge converter can be used ,whereas for a high-power drive, a three- phase bridge circuit is 

preferred. The machine can be a permanent magnet or wound field type. The wound field type permits 

variation and reversal 

of field and is normally preferred in large power machines.  

DC Motor Drives:- 
The DC drive is relatively simple and cheap (compared to induction motor drives). But DC 

motor itself is more expensive. 

• Due to the numerous disadvantages of DC motor (esp. maintenance), it is getting less 

popular, particularly in high power applications. 

• For low power applications the cost of DC motor plus drives is 

still economical. 

• For servo application, DC drives is still popular because of good 

dynamic response and ease of control. 

• Future Trend? Not so bright prospect for DC, esp. in high 

power drives. 

Thyristor/SCR drives 
 

Basic single-phase drive 
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Example 
Consider a 500V, 10kW , 20A rated- DC motor with armature resistance of 1 ohm. 

When supplied at 500V, the UNLOADED motor runs at 1040 rev/min, drawing a 

current of 0.8A (ideally current is zero at no-load). 

– Estimate the full load speed at rated values 

– Estimate the no-load speed at 250V. 

Solution:- 
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Three – phase convertors “ three – phase controlled rectifiers “ a- 3-Ф 

half wave rectifier with resistive load 
 
 

 
VRN = Vm sinwt 

VYN = Vm sin(wt-120°) 

VBN = Vm sin(wt +120°) 
 

1- Continuous control:- 

When α ≤ 30 

= 0.827 Vm cos α OV 
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2- Discontinuous control:- 

When α > 30 

 

EX: - A resistive load supplied from a 3-Ф half wave rectifier . if Vin =230 v 

(between Line and natural) calculate VO at (α = π/6 ),(α =2π/3 ). 

Solution:- 
Vdc = 0.827 Vm cosα 

Vm = √2 VRMS 

= 1.4 *230 = 325 V 

Vdc = 325 * 0.827 * cos 30° 

Vdc = 281.65 v 

When α = 2π/3 = 120° we have a discontinuity 
 
VO= 20.8 V 
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g 

Three phase full wave AC to DC converter:- 
 

 

 
 

 

VO = 
3√3Vm 

cos ∝ 
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Thyristor protection circuits 

1- Thyristor protection from the increasing of the current 
 
 

 
 
 

2- Thyristor protection from the high rate of change in current 
(di/dt). 
 

 
 

3- Protection from the transient change in source voltage 
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Methods of thyristor commutation:- 
1- Natural commutation. (line commutation) 
• Natural Commutation of Thyristors takes place in:- 

– AC voltage controllers. 

– Phase controlled rectifiers. 

– Cyclo converters. 

Occurs in AC circuits 

 
2- Forced commutation. 

Applied to dc circuits 

• Commutation achieved by reverse biasing the SCR or by reducing the SCR current below 

holding current value. 

• Commutating elements such as inductance and capacitance are used for 

commutation purpose. 

It is a technique used to forced the anode current to decrease to zero by using an 

external device connected to the thyristor for example applied proper inverse voltage 

or using another thyristor . 

Forced Commutation is applied to 

• Choppers. 

• Inverters. 

Kinds of commutation types:- 

a-Self commutation 

 
 

I m= 2L C = 0.4ton 
RL 

C(RL)2
 

L = 
4
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T 

b-commutation using external devices 

 
1- commutation using capacitor: - 

 

 

 
 

 
Va1 = Vs − (1 − 2e–t/CR1)) 

 

At Va1 =0 

 

t = 0.69CR1 t = 2tg1 

 

Im(TH1 ) = 
2Vs 

+ 
Vs

 
  

R2 R1 
 

Im(TH2 ) = 
2Vs 

+ 
Vs

 
  

R1 R2 

I (rms) = 
2Vs

 
R1 
 

 

1 (Vs)2 1 (Vs)2
 

PR1 = 
2 

∗ 
R1 

PR2 = 
2 

∗ 
R2 
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n 

J 

m ∗ L 

2- commutation by using a capacitor & thyresistor 
 

 

 

 
t = g mn 

 

m = 
1
 

√LC 

 t = بذلاذلالاا ةرود فلالا نلاز , mn = لالالالالالا رلالالاا ةرلالالاا
 رددلا

 
Im لالالالالالاا للالا رلالا رلالالا مظلاأ 

 

Im = Vs c 
l 
 
 

3- commutation by using a series resonance circuit:- 

 

mdt = g 
 

 
 

 
t = 
 g 
md 

= ton md = J 
 

1 
LC 

R2 

4L2 

 

Vs
 =   , Im

 = dm لمتلاشیةا رةلاشاا رددت
d 

H.W 
 

Find C IF md = 

 
J 

1 
−
 

LC 

 
R2 

4L2 

− 
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Fig (1) 

 
 
 
 
 
 
 
 

Fig ( 2 ) 

T 

Examples for commutation circuits 
 
 EX (1) In fig (1) find C and L . If IL 3 A , Vs = 24 V ,ton = 5 msec ,RL = 50 Ω Then 
Calculate Im . 
 

Solve:- 

I m= 2L I m= 2 ∗ 3 = 6 A  

C = 
0. 4ton 

           RL 
 
        0. 4 ∗ 5 ∗ 10–3

 

C = 
50 

= 40 μ F 

 
          40 ∗ 10–6(50)2

 

L = 
4 

= 25 mH 

∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗ 
EX (2) In fig (2) find C , Im(TH1) , Im(TH2) , Im(rms) , PR1 , PR2 . If IL = 3 A , Vs 
= 50 V ,tg1 = 20 μsec, tg2 = 12 μsec ,R1 = 100 Ω , R2 = 82 Ω . 

 

Solve:- 

t = 0.69CR1  t = 2tg1 

0.69CR1 = 2tg1 c = 
2tg1

 
                                                                    0.69R1 
2 ∗ 20 ∗ 10–6

 

C = 
0.69 ∗ 100 

= 0.579μF 

 
 0.68μF = C القيمة القياسية                                                         

 
 

Im(TH1 ) = 
2 Vs 

+ 
Vs

 
  = 

2 ∗ 50 
+ 

50 
 

 
= 0. 62 Amp 

                             R2 R1 
 

820 100 
 

Im(TH2 ) = 
2Vs 

+ 
Vs

 
  = 

2 ∗ 50 
+ 

50 
 

 
= 1 Amp 

R1 R2 
 

100 820 
 

I (rms) = 
2Vs

 
R1 

= 
2 ∗ 50 

= 1 Amp 
100 

 

1 (Vs)2 1 (50)2
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PR1 = 
2 

∗ R1 
= 

2 
∗
 100 

= 12. 5 Watt , 

1 (Vs)2 1 (50)2
 

PR2 = 
2 

∗ 
R2 

= 
2 

∗
 820 

= 1. 5 Watt 
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Fig(3) 

d 

EX (3)  In  fig (3) find  C .  If RL = 150 Ω ,Vs = 24 V , ton 10msec 
IL (max) =3Amp 
 

Solve . 

 

mdt = g 
 
 
 
 
 
 
 

ton = 
g
 

md 
, md = 

g
 

ton 
, md = 

g
 

10 ∗ 10–3 
= 100g 

 

Im = Vs 
md∗L 

, L = Vs 
md∗Im 

24 

100g∗3 
= 25 mH 

m = J 
1
 

LC 

R2 4L2 

 

C = 
4L 

4L2md 
2+ R2 

4∗25∗10—3 

4L(25∗10—3)2(100∗g)2+ (150)2 
= 4 μF

 

= 

− 

C = 
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= max 

 
Inverter applications:- 

DC to AC Inverters 

1- Speed control of motors . 
2- Speed control of motors through the rotor . 
3- DC to AC with AC to DC convertor in transmission line . 
4- Flax heating . 

 

Kind of inverters 

1- parallel inverter:- 
 

 

 
 

F 
N^2 

48∗C∗RL 

ton 

0.25 < 
to††

 

4∗ C∗ RL 

<3.34 Ton = 
N^2

 

N^2 

Toff= 
R
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R 

EX . Design a parallel inverter to generate square wave with frequency of (f=400HZ ) 

to feed a resistive load its power (120W) with voltage of (240V) if you have a battery 

of 12volt 

Solution:- 
 
 

 
2- series inverter:- 

 

g 

T = 
md

 

δ = 
2L 

δ (عامل التلاشي) 
 

R g 

δ * t = 
2L 

*
md 

= 1 
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m 

2 

m 

d 

1- calculate ( Vs ):- 
Vs = I R 

I = (Vs+Ec) ----------- (1) 
(md ∗L) 

 
2- calculate (md):- 

бt = 1 = R ∗ g 
2L md 

md L = g R ---------- (2) 

 
Put (2 ) in (1) 
 

I = 
2(Vs + Ec ) 

g R 
 

EC = 0. 5Vs 

Vs = 
g 

Im R (Vol t) 
3 

 

3- calculate (L) 

бt = 
R 

∗ 
g

 
2L md 

L = 
R 

∗ 
g

 
  

2 md 
 

4- calculate (c) 
 
 

m = J 
1
 

L C 
− 

R2 

4L2 

2 
1 R2

 
 

md  = 
L C 

− 
4L2 

 

C =  
4L

 
µ† 4L2 md2 + 

R2 
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Disadvantage and limits of a series inverter 
 

 . راصغی رجلخا رةلاشا رددلتا دىم ونیك -٢ .عطمتق لبشك رلمستما درلمصا نم درةلقا لتنتق -١
 ظروفلا جمیع قابطت رضف على رددت ركبا بیحسو

 لةدلمعاا نم تصفاوالموا

†max = 
1
 

2(ton + tg) 
 درلمصا على رقص رةئدا دثتح بخلافھو ، رلآخا ورسترلثایا ءفاإط لقب وراتسترلثایا دحا دحق بةوصع-٣
 . رلمستما
 . رخآ لشك لىإ ليوالتا رةئدا ورتح وئلمساا ھذه على بللتغلو

 

Modified series inverter ((Half – bridge inverter)) 
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DC TO DC CONVERTER 

A step-down dc chopper with a resistive load is shown in Fig. (1. a) It is a 

series connection of a dc input voltage source VS , controllable switch S, 

and load resistance R. In most cases, switch S has a unidirectional voltage 

blocking capabilities and unidirectional current conduction capabilities. 

Power electronic switches are usually implemented with power 

MOSFETs,IGBTs, MCTs, power BJTs, or GTOs. If an antiparallel diode 

is used or embedded in a switch, a switch exhibits a bidirectional current 

conduction property. Figure (1.b) depicts waveforms in a step-down 

chopper. The switch is being operated with a duty ratio D defined as a 

ratio of the switch on time to the sum of the on the off times. For a 

constant frequency operation. 

D = 
 

ton ton 
+to†† 

 D عطلقا نسبة

= 
ton 

T 

where T=1/f is the period of the switching frequency f. The average value 
of the output voltage is. 

 

VO = DVS 
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and can be regulated by adjusting duty ratio D. The average output 

voltage is always smaller than the input voltage, hence,the name of the 

converter. 

and can be regulated by adjusting duty ratio D. The average output 

voltage is always smaller than the input voltage, hence, the name of the 

converter. 

 

The dc step-down choppers are commonly used in dc drives. In such a 

case, the load is presented as a series combination of inductance L, 

resistance R, and back emf E as shown in Fig.(2a) To provide a path for a 

continuous inductor current 

flow when the switch is in the off state, an antiparallel diode D 

must be connected across the load. Since the chopper of Fig. 

(2a ) provides a positive voltage and a positive current to 

the load, it is called a first-quadrant chopper. The load voltage 

and current are graphed in Fig.(.2b) under assumptions that the 

load current never reaches zero and the load time constant 

τ = L/R 
is much greater than the period T. Average values of 
the output voltage and current can be adjusted by changing 

the duty ratio D. 
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kinds of dc chopper converter 

1- A step-down dc chopper:- 

 للعما فصن أو لمتبعةا دلإخماا طرق بحس متقس ان نیمك ثحی تعاطلمقا ملتقسی طرق دةع كناھ

 ) جةدر 90 ( دىلم لیعم عطلمق لأساسیةا رةئدالا لیمث هناأد للشكوا
 
 

 

 للأحماا حالة في و رللتیا جيولما للشكا ونیك میةولمقاا لتیةولفا

 ثنائي داملاستخ حاجة لاو نمتماثلی قلاطلإا ماأ للأحماا نفا لحثیةا

 للأشكاا و رللتیا جیةولما نمبی كماو مختلفة ونتك لتیةولفا لبالإشكا

 . هنااد جیةولما

 حالة في رامستم للحما رتیا ونیكو للأحماا لعالیةا لحثیةا نحی في

 ورسترلثایا ءفاإط رةفت لخلا عاطمتق ونیك
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Discontinuous current condition:- 

 عطلمتقا رلتیاا لحالة للتشغیا

 رلالالالاا للالاولالاا ةرلالا للالا
Vb = reverse emf 
 

[(Vs − Vb)] –t 

IL(m) = R 
(1 − e v ) 

τ (time constant ) 
 

at t = ton IL =IL(max)  
[(Vs − Vb)] 

 

–ton 

IL(m) = IL(max) = 
R 

(1 − e v ) 

continuous current condition:- 

 
–ton 

 
 للالالالالاا رلالالالالاا رلالالالاا لالالالالا

IL(max) = 
Vs

 
R 

1 − e v 

–T ) − 
Vb 
R (Amp) 

1 − e v ton 

IL(min) = 
Vs

 
 (

e v − 1
) − 

Vb (Amp) 
R T R 

ev − 1 

 یصبح ثبحیو رمستم لبشك ورسترلثایا لصیوت حالة فيو

.(T=ton) 

IL(max) = IL(max) = 
Vs − Vb

 
R 

(Amp) 

( 
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EX 1 :- A D.C chopper operates to rang of (90o) , fed from Supply of ( 60 

V ) ,the waveform of the load voltage formed of rectangular pulses each 

of width (2 ms) and 

The periodic time of (5msec) ,Draw the waveform of the load voltage , 

then calculate the average output voltage . 

Solve :- 

Vo = D Vs 

D = 
ton 

T 
, Vo = ton

 
T 

Vs = (2) ∗ 60 = 24 V 
3 

EX 2:- If the chopper in the ex(1) fed inductive load of 

(R= 5 Ω ) and (L = 10 mH) .Calculate ( Imin ) and (Imax ) of the 

load if the reverse (emf =0v) . 

Solve :- 

ton = 2 msec T = 
5 msec 

v = 
 L 

R 

= 10 = 2 msec . 
5 

 

–ton 

IL(max) = 
Vs

 
R 

1 − e v 

–T ) − 
Vb 
R (Amp) 

 
IL(max) = 

60
 

 

1 − e v 

–2 

(
1 − e 2 

) − 
0 

  

 
 
(Amp) 

5 

( ) 
60 

 
 

–5 5 
1 − e 2 

1 − e–1 

( )
 

 

IL max = 
5 

( 
–2.5

) − 0 = 8. 25 Amp 
1 − e 
ton 

IL(min) = 
Vs

 
 (

e v − 1
) − 

Vb 
  

(Amp) 
R T R 

ev − 1 
 

IL(min) = 
60

 
 

 
2 

(
e2 − 1

) − 
0 

  

 

(Amp) 

5 5 

e2 − 1 

( ) 
60 

 
 

5 

e1 − 1 
( )

 
 

IL min = 
5 

( 2.5 ) − 0 = 1. 84 Amp 

( 
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e − 1 



٤٩  

EX 3 A DC Chopper circuit have :- 

Vs = 100 V , T = 2.5 ms , ton = 1.25 ms , L = 0.2 H , R= 0.5 Ω 

Vb = 50 V . Calculate :- 

1-Output average voltage 

2- Imax , Imin . 

Solve ;- 

Vo = 
ton

 

T 
Vs = 100 ∗ 

1. 25
 

2. 5 
= 50 v 

v = 
L
 

R 
= 

0. 2 

0. 5 
= 0. 4 msec 

ton v 
= 

1. 25 

0. 4 
= 3. 125 , 

T
 

v 
= 

2. 5 

0. 4 
= 6. 25 

IL(max) = 
Vs

 
R (

1 − e 
–ton 

v 

–T ) − 
Vb 
R 

 
(Amp) 

( ) 
100 

 
 

1 − e v 

1 − e–3.125 50 
( )

 
 

IL max = 
0. 5 

( 
1 − e–6.25 

) − 
0. 5 

= 95. 79 

ton 

Amp 

IL(min) = 
Vs

 
 (

e v − 1
) − 

Vb 
  

(Amp) 
R 

 
 

( ) 
100 

 
 

T R 
ev − 1 

 
e3.125 − 1 50 

( )
 

 

IL min = 
0. 5 

( 
e6.25 − 1 

) − 
0. 5 

= 4. 2
 

Amp 
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2-Morgan dc chopper:- 
 

 

 

3 − JoMn cMopper (step up cMopper) 
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Cycloconverters 
*Cyclo-Converters are direct ac-to-ac frequency 

changers.*The term direct conversion means that the energy does not 

appear in any form other than the ac input or ac output. The output 

frequency is lower than the input frequency and is generally an integral 

multiple of the input frequency. 

*A cyclo-converter permits energy to be fed back into the 

utility network without any additional measures. Also, the phase 

sequence of the output voltage can be easily reversed by the control 

system. 

*Cycloconverters have found applications in aircraft systems and 

industrial drives. These cycloconverters are suitable for 

synchronous and induction motor control. 

Cycle-converters 

* AC power at one frequency is converted directly to an 

AC power at another frequency without any 

intermediate DC stage. 

* The output of cycloconverter provides ac power at a 

lower frequency than input. 

* Bidirectional power-flow is possible. 

* Able to operate with loads of any power factor. 

* Generally, output frequency is lower than source 

frequency. 

* input power factor is worse if the fabricated output 

voltage is decreased. 
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Basic Principle of Operation 
The basic principle of operation of a cyclo-converter is 

explained with reference to an equivalent circuit shown in Fig. 

Each two-quadrant converter (phase-controlled) is represented 

as an alternating voltage source ,which corresponds to the 

fundamental voltage component 

obtained at its output terminals. The diodes connected in series 

with each voltage source, show the unidirectional 

conduction of each converter, whose output voltage can be either 

positive or negative, being a two-quadrant one, but the 

direction of current is in the direction as shown in the circuit, 

as only thyristors – unidireconal switching devices, are used in 

the two converters. Normally, the ripple content in the output 

voltage is neglected. 
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Working Principle 
* Fundamental wave is generated by the 

two, 2- quadrant phase converters. 

* Diode for unidirectional conduction. 

* Ripple content is neglected. 

*Positive current is carried by positive 

converter and negative by negative. 

Single-phase to Single-phase Cycle-converter 
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Resistive (R) Load 
 

 

Cycloconverter Control of AC drives 
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Sinusoidal Pulse Width Modulation 

Three-phase reference voltages of variable amplitude and frequency are 

compared in three separate comparators with a common triangular 

carrier wave of fixed amplitude and frequency (figure). 
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saw-tooth- or triangular-shaped carrier wave 
 

 

 
Pulse Width Modulated (PWM) 

Figure (below) shows a block diagram of the power conversion Unit in a 

PWM drive. In this type of drive, a diode bridge Rectifier provides the 

intermediate DC circuit voltage. In the intermediate DC circuit, the DC 

voltage is filtered in a LC low pass filter. Output frequency and voltage is 

controlled electronically by controlling the width of the pulses of voltage 

to the motor. Essentially, these techniques require switching the inverter 

power devices (transistors or IGBTs) on and off many times in order to 

generate the proper RMS voltage level. 
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Power Conversion Unit (PWM) 
 
 

This switching scheme requires a more complex regulator than the VVI. 

With the use of a microprocessor, these complex regulator functions are 

effectively handled. Combining a triangle wave and a sine wave produces 

the output voltage waveform. 

PWM Generator 
 

 
 

The triangular signal is the carrier or switching frequency of the 

inverter. The modulation generator produces a sine wave signal that 

determines the width of the pulses, and therefore the RMS voltage 

output of the inverter. 
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Volts/Hertz 
Volt/Hertz control in its simplest form takes speed reference command 

from an external source and varies the voltage and frequency applied to 

the motor. By maintaining a constant V/Hz ratio, the drive can control 

The speed of the connected motor. 
 

Typically, a current limit block monitors motor current And alters the 

frequency command when the motor current exceeds a predetermined 

value. 



     Asst. Prof.  Zuhair S. Al-sagar    Power Electronis       Electrical Department             

  شاهد فيديوهات محاضرات الشبكات الكهربائية ومختبر الشبكات الكهربائية على قناتي على  اليوتيوب

Three phase voltage regulator 

VR = Vm sin(mt) 

VR = Vm sin(mt − 120o) VR 
= Vm sin(mt + 120o) 

There are three model for three phase voltage regulator 

1- 

 

 
 

2- 

 

 

3- 
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Single Phase Full Converters: 
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Three-phase Half-Wave Converters: 
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Three Phase Full Converters: 

 
 

Frequency out put ripple =6 fs 
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Thyristors Commutation Techniques: 
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Forced Commutations: 

 

 
1. Self-commutation: 
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2. Impulse-commutation 
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Opto-electronic devices 

 
1- Lighting Emitting Diode (LED) 
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٩٣  

(LED) characteristic :- 

 

Fig (1) 
1- photo diode :- 

 
Fig(1) symbol and circuit fig (2) photodiode 



٠٤  

photo diode characteristic :- 

 
 

2- photoconductive cells:- 

 

 

Photoconductive cell characteristic :- 

 
Fig(1) photoconductive cell characteristic Fig(2) photoconductive cell circuit 
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3- photo transistor :- 

 
Fig ( 1 ) a) symbol b) characteristic fig(2) phototransistor 
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Chapter  Two 
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DC Chopper:(DC to DC Converter): 

  

Principle of step-down operation: 
 

Step-down chopper with resistive load 
Chopper switch: power BJT; power MOSFET, GTO forced-commutated thyristor.  

 

 

 
 

 

 
 

 

 

 

Step-down chopper with RL load: 

 
 

 

 
 

At the end of model 2 

 

 
 

 

 
 

 

 
 

 
Principle of step-up operation:  
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Chapter     Three     
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AC   to    AC 
 

 

 

 

 

Converter 
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 Star Connected Resistive Load: 
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Delta-Connected Resistive Load: 
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Chapter Four 
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DC to AC Converters 
 

 

 

 

 

 

 

(Inverter) 

 
 
 
 
  

Voltage Source Inverters 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Introduction: 
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Fig 1   General block diagram 

      

Principle of operation: 

 

Vo=Vs/2         

 

         2Vs 

V1= ------   = 0.45 Vs 

        √2 π 

 
 

Fig 2 The circuit and waveforms with inductive load 

 

 Performance Parameter :                   

                                Vn 

Harmonic Factor, HF: is defined as  HFn = ---------  

                                 V1 
 

Total harmonic distortion, THD:              1         ∞        

                                                     THD= ------ (  ∑    V² n  ) 

                                                      V1      n=2,3….   

   Distortion factor, DF:  

        

                                        Vn 

 DFn= ------- 

  V1n² 

 

Single –Phase Bridge Inverter: 

 

Fig3 the circuit 
 

 

 

Fig 4 Waveforms of output voltage and load current for inductive loads 

 

V0 = √
2

𝑇𝑜
 ∫ 𝑉𝑠2 𝑑𝑡 

𝑇𝑜/2

0
= Vs 

 



 

   

    Asst. Prof.  Zuhair S. Al-sagar    Power Electronis       Electrical Department             شاهد
 على  اليوتيوب  zuhair sameenفيديوهات محاضرات الشبكات الكهربائية ومختبر الشبكات الكهربائية على قناة

       

 

       4Vs 

V1=------ = 0.9 Vs 

       √2 π 

 

 

 

Solution: 

a) V1= 
4𝑉𝑠
√2 𝜋

 = 0.9 Vs=0.9× 48 =43.2 V 

 

b) Vo = √
2

𝑇𝑜 
∫ 𝑉𝑠2𝑇𝑜/2

0
 𝑑𝑡 = 𝑉𝑠 = 48𝑉  

 

The output power Po=Vs²/R=960W. 

 

c) Ip=48/2.4=20A.                     ID of each transistor is 0.5 ×20=10A. 

 

d) VBR=48V. 

 

e)     V1  = 
4𝑉𝑠

√2 𝜋
  = 0.9 𝑉𝑠 = 0.9 ×   48 = 43.2 𝑉  

          

  

     Vh = √∑ 𝑉2∞
𝑛=3,5,7….   𝑛 =  √𝑉𝑜2 −  𝑉 1

2   = 0.435𝑉𝑠  

 

THD = 
1

𝑉1
 ( ∑ 𝑉2 𝑛 )∞

𝑛=2,3,…  =
0.4359𝑉𝑠

0.9 𝑉𝑠
= 48.34%  

 

f) DF = 
1

𝑉1
 √∑ (

𝑉𝑛

𝑛2
∞
𝑛=2,3,… )2 =

0.0342 𝑉𝑠

0.9𝑉𝑠
= 3.804 %   

 

g)The lowest-order harmonic is the 3rd,V3=V1/3  

 

  V3 

                            HF3= --------- = 1/3 =33.33% 

 V1 
                                       

                                     V3/3
²
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                          DF3= -------  =1/27=3.704% 

                                   V1 

 

 

 
 
EX:2/ 

An inductive load of resistive of 10Ω and inductive of 10mH is to be supplied with a Quasi 

Square waveform voltage, using single-phase bridge inverter. If the on periods is to be 1/2 of 

the total period ,load frequency = 200Hz and the dc supply available is 200V, trace with 

calculated dimensions for the first cycle. 

A) Load voltage waveform. 

B) Load current waveform.  

Solution :  

 

iL = 
𝑉

𝑅
 ( 1 −  𝑒− 

𝑅𝑡

𝐿  ) + I min 𝑒− 
𝑅𝑡

𝐿    

 

To = 
𝟏

 𝒇
 =  

𝟏

𝟐𝟎𝟎
= 5 msec. 

 

2a = 0.5 To                a=1.25 msec. 

 

 

1) +Ve = 200V on half period iL  = 0 at t=0 

 

 iL  =  
200

10
 ( 1 −  𝑒− 1000𝑡 ) + 0 = 14.27𝐴                𝑎𝑡  𝑡 = 1.25 𝑚𝑠𝑒𝑐. 

  

2) Ve off half period  VL = 0V       Imin = 14.27 A 

 

 بعد التعويض في المعادلة قيمة التيار تساوي

iL  =  4A  

 

3) –Ve    on period  VL =  -200V      Imin = 4A 

 

 بعد التعويض في المعادلة قيمة التيار تساوي

iL = - 13.12A 

 

4) Ve  off half period     VL = 0V        Imin = -13.12A 
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 بعد التعويض في المعادلة قيمة التيار تساوي

iL = - 3.75A 

 

EX:3/A single-phase bridge inverter supplies from 200Vdc  source a load of R= 8Ω and 

inductive of 20mH if the inverter is operating at 50Hz. Determine the load voltage and current 

waveforms for the first two cycles with square wave output.  

Solution:  

iL = 
𝑉

𝑅
 ( 1 −  𝑒− 

𝑅𝑡

𝐿  ) + I min 𝑒− 
𝑅𝑡

𝐿    

 

To = 1/( f)  =  1/50= 0.02  sec = 20 msec. 

 

a = 0.5 To = b =0.01 sec = 10 msec. 

 

At t=0 , i = Io = 0 A 

 

1) First cycle : +Ve = 200V on half period iL  = 0 initial current.           at t= To/2 = 0.01 sec 

. 

 

 

 i  = 
200

8
+ ( 0 −  

200

8
 ) 𝑒−

8×  0.01

0.02 = 24.54𝐴  

 

2 )- Ve half period  VL = -200V, Imin = 24.54𝐴, t = 0.01 sec. = 10 msec. 

 

 التعويض في المعادلة قيمة التيار تساوي بعد

i  =  -24. 1A  

 

 3) For second cycle :+Ve   half period   third half cycle  

 

 .=10msec24. 1A   at t= 0.01 sec.-=  200V      Io =   LV  

 

 التعويض في المعادلة قيمة التيار تساوي بعد

i =24.1A 

 

4) -Ve  half cycle period  (4th half cycle)  

 

  VL = -200V,   Io =24.1A at t= 0.01 sec.=10msec.  
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 التعويض في المعادلة قيمة التيار تساوي بعد

i = - 24.1 A 

 الان بعد حل السؤال سأضيف عليه وهذا الحل واجب بيتي على المشاهد

Determine the time when load current is equal to zero? 

Solution :  

T= 1.7 msec.  

 

EX:4/A single-phase bridge inverter supplies from 200Vdc  source a load of R= 8Ω and 

inductive of 20mH if the inverter is operating at 50Hz. Determine the load voltage and current 

waveforms for the first cycle with Quasi  square wave output with an on period of 0.6 total 

period. 

Solution:  

2a+2b= T,   2a= 0.6T ,   T= 1/50 = 0.02sec. ,   a= 6 msec. ,   b= 4 msec. 

 

iL = 
𝑉

𝑅
 ( 1 −  𝑒− 

𝑅𝑡

𝐿  ) + I min 𝑒− 
𝑅𝑡

𝐿    

 الحل موجود حاول التحقق من القيم 

 

 

 عندما تكون قيمة تيار الحمل = صفر t الان ممكن ان تضيف الى السؤال جد قيمة 

Solution :  t = 0.42 ms 
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Voltage control of single phase inverters: 

Pulse width modulation (PWM) control: 

     1)Single –pulse- width modulation: 

        

 

 
 

Fig 7single pulse width modulator Fig8 Harmonic profile of SPWM 

  

M= 
𝐴𝑟

𝐴𝑐
           Vo= √

2

2𝜋
 ∫ (𝑉𝑠)2 𝑑(𝑤𝑡)

(𝜋+𝛿)/2

(𝜋−𝛿)/2
 = Vs √

𝛿

𝜋
 

 

The RMS output voltage can be found from: 

V0(t)= ∑
4𝑉𝑠 

𝑛𝜋
∞
𝑛=1,3,5,… sin

𝑛𝛿

2
 sin 𝑛𝑤𝑡    

 
2)Multiple - pulse- width modulation: 

 

P= 
𝑓𝑐

2𝑓𝑜
 

 

 

 

 

      Fig 9 Multiple – PWM                       Fig 10 harmonic profile of M-PWM 

 

The RMS output voltage can be found from: 

 

Vo = √
2𝑃

2𝜋
 ∫   (𝑉𝑠)2  𝑑(𝑤𝑡)

(
𝜋
𝑝)+𝛿

2

(
𝜋
𝑝)−𝛿

2

= 𝑉𝑠 √
𝑝𝛿

𝜋
 

 
 

3)Sinusoidal pulse- width modulation::  

Vo = 𝑉𝑠 √∑
𝛿𝑚

𝜋

𝑝
𝑚=1    

                                                                                              

 
    

                                                                

         Fig 11 (a,b)   SPWM                   Fig 12 harmonic profile of SPWM 
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4)Modified sinusoidal pulse- width modulation: 
 

 

 

𝑓𝑐

𝑓𝑜
= 6𝑞 + 3 

 

 
 

 

 

 

 
 

 

 

 

Fig 13        Modified sinusoidal pulse- width modulation  

 
 

 

 

 

 
 

 

 

 

 
 

 

 

 
 

 

 

 

 
 

 

 

 

 
 

 

 

 

 
 

 

 

 

 
 

 

 

 
 

 

 

 

 
 

 

 

 

 
 

 

 

 

 
 

 

 

 

 
 

 

 

 
 

 

 

 

 
 

 

 

 

 
 

 

 

 

 
 

 

 

 

 
 

 

 

 
 

 

 

 

 
 

 

 

 

 
 

 

 

 

 
 

 

 

 

5-Phase-displacement control:  
 

 

 

 

 
 

 Vo   =Vs √
𝛽

𝜋
   if   

              

vao = ∑
𝟐𝑽𝒔 

𝒏𝝅

∞
𝒏=𝟏,𝟑,𝟓,…  𝒔𝒊𝒏 𝒏𝒘𝒕         then 

   

 

vbo = ∑
𝟐𝑽𝒔 

𝒏𝝅

∞
𝒏=𝟏,𝟑,𝟓,…  𝒔𝒊𝒏 𝒏(𝒘𝒕 − 𝜷) 

                       

 

vab = vao – vbo =  ∑
𝟐𝑽𝒔 

𝒏𝝅

∞
𝒏=𝟏,𝟑,𝟓,… {𝒔𝒊𝒏 𝒏𝒘𝒕 − 𝒔𝒊𝒏 𝒏 (𝒘𝒕 − 𝜷)} 

                                                        
 

 

 

Fig 14(a,b,c,d,e)   Phase-displacement control 
             

vab=  ∑  
𝟒𝑽𝒔

𝒏𝝅
∞
𝒏=𝟏,𝟑,𝟓,…    { sin 

𝒏𝜷

𝟐
  cos n ( wt -  

𝜷

𝟐
  ) } 

  
 

 

 

 

The rms value of the fundamental  output voltage is: 
 
 

 

 

 

 

4Vs β 

V1 = ---------  sin ----- 

√2 π   2  
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Voltage control of three phase inverter: 

  
 

 

 

 

 
 

 

 

 
 

 

 

 

 
 

 

Fig 15  Sinusoidal pulse- width modulation for three phase inverter  

 

 

 
 

 

Harmonic reduction: 
 

 

 

 
 

 

 

 
 

Sin  nβ / 2 = 0 or β = 360˚ / n 

vab=  ∑  
𝟒𝑽𝒔

𝒏𝝅
∞
𝒏=𝟏,𝟑,𝟓,…    { sin 

𝒏𝜷

𝟐
  cos n ( wt -  

𝜷

𝟐
  ) } 

  

and the 3rd harmonic will be eliminate if β = 360˚ / 3 = 120˚. 
 

 

 

 

 

 

 

 

 

 
 

 

 

 

 
 

 

 

 

Fig 16 out put voltage with two notches per half-cycle 
 
 

 

 

 

 
 

 

 

 
 

            ∞  
vo = ∑     An sin nwt    

 

 

               n=1,3,5…  

 

 

 

 

 

Where  
 

 

 

 
 

 
 

 

The 3rd and 5th harmonics would be eliminated if A3=A5=0  

 
 

 

 

 
 

 

 

 

 
 

 

 

 

 

Fig 17  output voltages for MSPWM 
 

 

 

 

 
 

 

 

∞ 4Vs   

vo=    ∑    ---------- sin nwt  the output of 1st inverter can be expressed as 

n=1,3,5…  nπ 

vo1= A1 sin wt +A3 sin 3wt +A5 sin 5wt +……. 

.b  

  

 

 

 

 

 

 
 

 

 

 

 
 

 

 

Fig 18  Elimination of harmonics by transformer connection  
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